The escalated use of various wireless communication devices, which emit non-ionizing radiofrequency (RF) fields, have raised concerns among the general public regarding the potential adverse effects on human health. During the last six decades, researchers have used different parameters to investigate the effects of in vitro and in vivo exposures of animals and humans or their cells to RF fields. Data reported in peer-reviewed scientific publications were contradictory: some indicated effects while others did not. International organizations have considered all of these data as well as the observations reported in human epidemiological investigations to set-up the guidelines or standards (based on the quality of published studies and the "weight of scientific evidence" approach) for RF exposures in occupationally exposed individuals and the general public. Scientists with relevant expertise in various countries have also considered the published data to provide the required scientific information for policy-makers to develop and disseminate authoritative health information to the general public regarding RF exposures. This paper is a compilation of the conclusions, on the biological effects of RF exposures, from various national and international expert groups, based on their analyses. In general, the expert groups suggested a reduction in exposure levels, precautionary approach, and further research.
Introduction
The introduction of mobile phones emitting non-ionizing radiofrequency (RF) fields and delivering voice, data and images has increased concern in the general public regarding the potential adverse health effects from RF exposure, especially the development of brain cancer since the antenna is held close to head when the phone is being used. During the last several decades, numerous researchers have been examining the biological and health effects of acute and long-term in vitro and in vivo RF exposure in animals and humans or cells. These included: (i) epidemiological studies in humans examining the incidence of brain and other types of cancers, (ii) carcinogenesis in normal, transgenic and tumor-prone animals, (iii) genetic damage (excess DNA damage in somatic cells, if un-repaired and/or mis-repaired, can lead to carcinogenesis while similar damage in germ cells can be transmitted to the next generation), and (vi) non-genotoxic indices such as cell cycle/proliferation, apoptosis, inter-/intra-cellular signaling, gene and protein expression, and oxidative stress as well as immune, reproduction (development, teratology), neurological (blood-brain barrier, behavior, hypersensitivity) responses. The data reported from each of these investigations published in peer-reviewed scientific journals indicated both an absence and a presence of an effect from RF exposure [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
For human health risk assessment, it is essential to use the "weight of scientific evidence" based on the quality of published studies which should include detailed description of RF dosimetry, exposure conditions and protocols consistent with good laboratory practices, sample sizes with sufficient statistical power, as well as confirmation and replication studies conducted by independent researchers. International organizations, such as the Institute of Electrical and Electronic Engineers (IEEE) and the International Commission on Non-Ionizing Radiation Protection (ICNIRP) have considered all of the available peer-reviewed scientific literature and used the weight of scientific evidence approach to set-up the guidelines or standards for RF exposures in occupationally exposed individuals and the general public to protect against established adverse effects [12] [13] [14] .
Thus far, the most robust effects of RF exposure were observed when the whole body averaged specific absorption rate (SAR) exceeded 4 W/kg which was associated with heating and raised the body temperature by about 1 °C in animals (rats and monkeys): this information was used to set up guidelines or standards to protect people from undue RF exposure. A safety factor of 10x lower SAR (0.4 W/kg) was included to allow for thermal, environmental and possible long-term effects in occupational exposures. A further safety factor of 5× lower SAR (0.08 W/kg, total 50× lower) was introduced to provide adequate margin to protect the general public and persons with potentially different sensitivities, such as infants and elderly. For localized exposures, protection of eye injury has been used to set a limit of 10 W/kg for the workers and 2 W/kg for the general public, both averaged over 10 gram tissue (10× and 50× below the threshold level, above that could cause cataracts in rabbits). Since guidelines and standards (up-dated as and when new peer-reviewed scientific data were available) were based on rigorous, comprehensive reviews and weight of scientific evidence, a great majority of the countries in the world have adopted them to protect occupationally exposed individuals as well as the general public from RF exposures. Scientists who are "experts" in various countries have also considered these guidelines and standards to provide the required scientific information for policy-makers to develop and disseminate authoritative health information to the general public regarding RF exposures. The aim of this review is to compile the conclusions of various international and national expert groups based on their analyses and, are listed in alphabetical order below (the reports available in English language only were considered for this review). Much of the text in italics below was the information, as presented, in the various evaluations/reports.
Evaluations
The members serving in the "expert groups" (EGs) were selected by the health agencies and relevant authorities in different countries based on their expertise in RF dosimetry, biology, epidemiology, medicine, and social issues and peer-reviewed scientific publications. Basically, the EGs have carefully examined and evaluated all of the data published, in peer-reviewed scientific journals, for various parameters/endpoints in animals and humans exposed in vitro and in vivo to RF fields. Generally, a well-defined criteria/protocol was used in the evaluation process: whether or not the publications/investigations have included detailed RF dosimetry, appropriate experimental groups in the study/laboratory protocols, adequate sample size, consistency in the results and statistical analyses, presence of confounders and potential sources of bias, confirmation and replication studies, etc. Some EGs, for example: (i) the European health risk assessment network on electromagnetic fields exposure (EFHRAN, section 2.1.5) have used the evaluations for each end-point based on sufficient, limited, inadequate or inconsistent/lack of evidence and (ii) the Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR, section 2.1.4) also included whether or not a particular publication should not be considered in the review process and the reason(s) for doing: consequently, not all papers were given the same weight in the risk assessment. All of these criteria were included in the overall "weight of scientific evidence" for adverse effects, if any, due to RF exposure. The detailed evaluations are available in public domain (pdf format and/or as information sheets/statements/released to the press) in the country's website to keep the public informed about the RF exposure guidelines, as well as latest developments in RF research. Some of the information might have been changed and/or updated.
International Organizations
A summary of different international EGs evaluations together with the topics discussed and the final recommendations/advises are presented in Table 1 .
International Agency for Research on Cancer (IARC)
The International Agency for Research on Cancer (IARC, Lyon, France) [15] All topics.
2013.
No consistent evidence on cognitive function.
No clear effect on neurological diseases.
Unequivocal evidence on head/neck and childhood cancers.
In vivo studies in animals were negative.
No in vitro effects below the exposure guidelines.
Uncertainties remain.
A total of 37 recommendations made for future research with high, medium and low priorities.
[ [45] [46] [47] EU EFHRAN.
All topics.
2012.
No evidence for electromagnetic hypersensitivity.
Limited evidence for stress response genes in vitro.
Inadequate evidence for cancer and neurological diseases. The core portfolio of IARC's activities is the program on monographs. For this, the agency seeks scientists with significant peer-reviewed scientific publications/expertise who will serve as members in working groups (WG), search all peer-reviewed scientific literature, prepare a critical review, discuss and combine all relevant information to evaluate the weight of evidence of the agent in question cause carcinogenesis in humans. The final consensus evaluations/analyses were placed in one of the following five categories (groups 1, 2-A and 2-B, 3 or 4; Figure 1 ). Group 1: Carcinogenic (sufficient evidence in human epidemiological/clinical studies irrespective of other evidences). Group 2A: Probably carcinogenic (limited evidence from human epidemiological/clinical studies, and sufficient evidence from the animal investigations. Group 2B: Possibly carcinogenic (limited evidence from human epidemiological/clinical studies and inadequate evidence in animal models). Group 3: Not classifiable (inadequate evidence from human epidemiological/clinical studies as well as inadequate evidence from animal studies). Group 4: Probably not carcinogenic (lack of evidence from both human epidemiological/clinical and animal studies). Thus far, IARC has classified a total of ~970 agents (113, 66, 285, 505 , and 1, in the groups 1, 2A, 2B, 3, and 4, respectively, monograph volumes 1-109). The complete list can be down-loaded from the Internet [17]. In May 2011, an interdisciplinary expert WG of 30 scientists from 14 countries met at IARC to evaluate the carcinogenic risk from RF emitted from mobile communication devices which was based on the rigorous, arduous and "weight of evidence" approach. The four working groups considered the data in all peer-reviewed publications: (i) dosimetry and exposure, (ii) epidemiological studies in humans including the data from The Interphone study group [18] , (iii) acute and long-term cancers in experimental animals, and (iv) mechanistic and other relevant information. The conclusions were as follows. (i) Epidemiological studies indicated no increased risk for meningioma and glioma with mobile phone use while there was an increased risk of glioma at the highest cumulative hours of mobile phone use. (ii) Studies in experimental animals and the mechanistic/other relevant end-points/parameters showed that the evidence for RF-induced carcinogenesis was "limited" and "weak", respectively. Considering all of the evidence together, RF was classified as possible carcinogen in group 2B and released the information to the press [19]. A summary report was published after the meeting [20] . Subsequent meta-analysis of the data in human cells only (reported in 88 peer-reviewed scientific publications during 1990-2011) did not suggest a genotoxicity-based mechanistic evidence to classify RF as 2B carcinogen [21] . Furthermore, the overall brain cancer indices among the general population did not suggest an increasing trend after the introduction of mobile phones [22] [23] [24] [25] . A more recent prospective study also revealed significantly decreased risk for glioma in mobile phone users [26] . A potential hypothesis of RF-induced "adaptive response" has been proposed recently for the observed decreased incidence of brain cancer in mobile phone users [27, 28] . The detailed IARC evaluations were published in monograph #102 [29] .
Several national and international organizations commented on IARC evaluation of RF exposure as class 2-B carcinogen to humans. Australia: Radiation Protection and Nuclear Safety Agency (ARPANSA) [30] The Institute of Electrical and Electronic Engineers (IEEE) [39] is the world's largest professional association dedicated to advancing technological innovations for the benefit of humanity. It develops standards for a wide range of industries including power and energy, telecommunications and nanotechnology. Its International Committee on Electromagnetic Safety (ICES) has five subcommittees, of which members have wide range of expertise in electrical/electronic/mechanical engineering, computer science, biology, psychology, medicine, and physics: they perform research, evaluation of peer-reviewed scientific publications and develop open consensus and rational safety standards with respect to human exposures in frequency range from 0-300 GHz. The committee that developed the latest version of the RF safety standard IEEE C95.1-2005 had a wide range of participation by experts in engineering, biology, medicine, measurements, and safety programs. In terms of stakeholders, the committee consists of members of the government, military, academia, industry, and general public. The exposure limits were developed by an international committee of more than 125 members representing 25 countries. The technical committee, Committee on Man and Radiation (COMAR), considers that the scientific literature related to biological effects of RF is highly diverse, both in terms of scientific quality and in terms of relevance to possible health and safety risks to humans. Consequently, in its review process, only the studies that met selection criteria which included adequate dosimetry and experimental design, and independent confirmation of reported effects were considered. COMAR [40] Exposure levels due to cell phone base stations are generally around one-ten-thousandth of the guideline levels‖. In a review on "Exposure to high frequency electromagnetic fields, biological effects and health consequences (100-300 GHz)" ICNIRP also stated [14] 
: -The mechanisms by which RF exposure heats biological tissue are well understood and the most marked and consistent effect of RF exposure is that of heating, resulting in a number of heat-related physiological and pathological responses in human subjects and laboratory animals. Heating also remains a potential confounder in in vitro studies and may account for some of the positive effects reported‖.
Regarding mobile phones, brain tumors and the interphones study, the ICNIRP standing committee on epidemiology stated [43] : -Although there remains some uncertainty, the trend in the accumulating evidence is increasingly against the hypothesis that mobile phone use can cause brain tumors in adults‖.
European Commission (SCENIHR, Scientific Committee for the Emerging and Newly Identified Health Risks)
The European Commission [44] relies on three independent scientific committees to deal with questions related to broad, complex or multidisciplinary issues requiring comprehensive risk assessment of exposures to several new and emerging technologies. The expert members SCENIHR reviewed all peer-reviewed publications covering the entire electromagnetic spectrum according to well-defined criteria. Explanations were also provided whether or not to considering a particular publication in the review process: hence, not all papers were given the same weight in the risk assessment. In 2009, the opinion of the SCENIHR scientific committee on RF stated [45] -It is concluded from three independent lines of evidence (epidemiological, animal A number of areas were identified for future research where the information regarding health effects is either absent or insufficient, or is too discordant to allow science-based assessment of the possibility of health effects. A total of 37 recommendations were made for future research and were listed as high, medium, and low priorities.
European Health Risk Assessment Network (EFHRAN)
Scientists belonging to research institutes from seven European countries (Denmark, France, Hungary, Italy, Slovenia, Spain, and the UK), external collaborators from 12 countries and some industrial groups were associated with EFHRAN project [48] , which was funded by the European Commission (EC) to provide advice on policy development for the European Union. Several reports have already been published and all can be downloaded from the Internet [49] . The overall conclusions were that there were no well-established positive effects of low-level RF exposure (SAR < 2 W/kg) in in vitro and in vivo animals studies. In human risk analysis, the evidence was inadequate for cancer, neurodegenerative and cardiovascular diseases, reproductive outcomes and, lack of effect on hypersensitivity. In addition, the public's perception of possible health risks due to EMF exposure levels within international guidelines did not necessarily reflect the scientific community's assessment and, there was a lack of evidence that could support this suggestion. The policy and health authorities in Europe need to invest in improving communication strategies related to EMF, allowing Europeans to have access to high quality and referenced information about the scientific state of the art on EMF and health issues. 
National Organizations
A summary of different national EGs evaluations together with the topics discussed and the final recommendations/advises are presented in Table 2 . The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) [53] has issued more than 10 EME factsheets, in the area of non-ionizing electromagnetic fields in the frequency range 0-300 GHz and all of them can be downloaded from the website [54] . In the first factsheet (EME-1) on electromagnetic energy and its effects, ARPANSA stated [55] : -The weight of national and international scientific opinion is that there is no substantiated evidence that exposure to low level RF EMF causes adverse health effects‖. Regarding the RF exposure standards (EME-4), ARPANSA stated [56] : -…the SAR limit for mobile phone handset is 2 watts per kilogram of tissue (averaged over 10 g). The limit includes a significant safety factor….‖. Regarding base stations (EME-9), [57] 
Finland
The Radiation and Nuclear Safety Authority in Finland (STUK) [68] belongs to the Ministry of Social Affairs and Health in Finland. Its own research program (HERMO, 2004-2009) comprised of 13 different projects in which the investigators examined RF effects, especially on nervous system and sensory organs in addition to any possible detrimental effects on children and adolescents. A report issued in 2007 stated [69] : -Using cell cultures, test animals, human subjects and mathematical models, the researchers said that their studies did not uncover any evidence of ill effects on health‖. Another study, which was part of HERMO, examined whether local exposure of human skin to RF-EMF will cause changes in protein expression in living people and concluded [70] 
: -This is the first study showing that molecular level changes might take place in human volunteers in response to exposure to RF-EMF. Our study confirms that proteomics screening approach can identify protein targets of RF-EMF in human volunteers‖.
In The Commission on Radiological Protection (SSK) [78] was set-up by the Federal Ministry of the Environment in Germany to carry out a clear and transparent comparative assessment of the evidence of cancer risks and risk perception posed by electromagnetic fields (from static fields to ionizing radiation). The overall assessment regarding microwaves (RF) in 2011 [79] [83] is a member of the Helmholtz Association of German Research Centers and is one of the largest interdisciplinary centers in Europe. Juelich published a report in 2009 on "Children's health and RF EMF exposure" which was based on the scientific opinions of the internationally recognized experts and advisory experts from Australia, Austria, Belgium, Germany, Italy and Switzerland as well as from the discussions held in a series of workshops. Three main areas of children's health were assessed: brain cancer, leukemia and cognition. In addition, dosimetry issues, i.e., whether children absorb more power than adults when exposed to RF, were considered. The conclusions [84] 
Latin America
A multidisciplinary panel of researchers in 10 Latin American countries (Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Panama, Paraguay, Peru, and Venezuela) critically reviewed the peer-reviewed scientific papers on the possible biological and health impact of mobile communications devices to address the increasing concerns of the general public in those countries. The project had a special emphasis on the studies conducted in Latin American countries. The general conclusions published in 2010 were [85] 
Netherlands (Health Council)
The Health Council of the Netherlands [86] is an independent scientific advisory body and a member of the European Science Advisory Network for Health and the International Network of Agencies for Health Technology Assessment. The standard committee members of the Council were selected form a multidisciplinary group of independent experts to provide advice to the Ministers and Parliament in the field of public health and healthcare research.
The annual update from the Council in 2009 indicated [87] The National Radiation Laboratory (now, National Centre for Radiation Science) [90] provides advice on ionizing and non-ionizing radiation to benefit New Zealand's environment, industries and the general public. In the information sheet issued on the safety of cell phones, in 2008 [91], NRL stated: -The balance of current research evidence suggests that exposures to the radiofrequency fields produced by cellphones do not cause health problems provided they comply with international guidelines‖. Regarding the use of cellphones by children, -a matter for informed choice by parents, bearing in mind that cellphones can improve personal safety‖. NRL suggested several methods to reduce individual's exposure to RF from mobile phones.
Cancer Society of New Zealand
The Cancer Society of New Zealand [92] provides a range of information including booklets, leaflets, tapes, videos and books on different types of cancer, diagnosis, treatment, and advice for everyone in New Zealand. The society issued an information sheet on mobile phones and cancer in 2010 [93] : -There is no clear evidence, at this time, that short-term mobile use can cause cancer. This is an area that is changing fast, and the research is ongoing‖. Therefore, the Cancer Society advices people to limit exposure when practically possible and these include -young children should not use mobile phones unless they really have to‖.
Nordic Countries
The health and nuclear safety authorities in five Northern European countries (Denmark, Finland, Iceland, Norway, Sweden) have joined to form the Nordic Radiation Safety Authorities and issued a common statement on radiofrequency electromagnetic fields exposure to the general public in 2009 [94] : -there is no scientific evidence for adverse health effects caused by radiofrequency field strengths in the normal living environment at present‖. -…in terms of overall public exposure, mobile phones are a much more significant source of radiofrequency radiation than fixed antennas. If the number of fixed antennas is reduced, mobile phones will need to use higher power to maintain their connection, thereby the exposure of the general public may increase‖. More recently, in 2013, another statement was issued regarding exposures from mobile phones, base stations and wireless networks [95] : -The overall data published in the scientific literature to date do not show adverse health effects from exposure of radiofrequency electromagnetic fields below the guidelines or limits adopted in the Nordic countries‖,-…no need to further limit exposure from these radiowave sources‖.
Norway
The Ministry of Health and Care Services and, the Ministry of Transport and Communications had commissioned the Norwegian Institute of Public Health [96] to appoint an expert committee. The committee's conclusions in 2012 were [97] 
: -A large number of studies have examined the possible effects of exposure to weak RF fields (i.e., exposure within the ICNIRP's reference values). The studies have been performed on cells and tissues, and in animals and humans. The effects that have been studied apply to changes in organ systems, functions and other effects.
There are also a large number of population studies with an emphasis on studies of cancer risk. The large total number of studies provides no evidence that exposure to weak RF fields causes adverse health effects. Some measurable biological/physiological effects cannot be ruled out‖. -Overall, the uncertainty in risk assessment is therefore small‖. The committee also outlined three levels of precaution that can be exercised when handling a risk, depending on the nature of the risk, the severity, uncertainty in the assessment, and any consequences.
Spain
The Scientific Advisory Committee on Radio Frequencies and Health (Comité Cientifico Asesor en Radio-frecuencias y Salud, CCARS) [98] is an independent institution composed of acknowledged experts in medicine, physics, chemistry, biology, law and other related disciplines. Its mission is to provide judgment, information and advice to Public Administration regarding questions concerning RF and health. In 2009, CCARs concluded [99] The Swedish Radiation Protection Agency (SSM/SSI) [101] belongs to the Ministry of the Environment in Swedish Government and works proactively and preventively in order to protect people and environment from the undesirable effects of radiation. An international independent expert group was appointed by the Agency to evaluate scientific developments and provide advice on the possible health effects of electromagnetic fields.
The revised edition of the 5th report was published in 2008 and the conclusions were . This is the first time any expert group used the term "protective effect" for the observed risk estimates which were below unity between mobile phone use and cancer. Vijayalaxmi and Prihoda [27] and Vijayalaxmi et al. [28] have proposed a hypothesis of RF-induced "adaptive response" to describe such protective effect. Kundi [104] suggested "systematic bias" for these reduced risk estimates.
The 7th report was published in 2010 and the conclusions were [105] 
Switzerland
The federal office of the environment (FOEN) [110] in Switzerland is responsible for environmental monitoring and, appropriate use and protection of natural resources. The status of scientific knowledge regarding potential risks to health due to exposure to high-frequency non-ionizing radiation (100-300 GHz) has been published earlier. However, the focus of the latest up-dated report in 2012 was on exposure to high-frequency radiation from fixed installations such as broadcasting transmitters and mobile telephone base stations in experimental field studies, epidemiological studies of population groups in their everyday environment, and short-term exposure studies under controlled conditions in the laboratory. The Health Protection Agency (formerly National Radiological Protection Board) [114] had set up an independent advisory group on non-ionizing radiation (AGNIR) to evaluate the health effects from RF emitted from various sources in the environment (100-300 GHz) and to review work on the biological effects of non-ionizing radiation relevant to human health and to advice on research priorities. The general conclusion in 
Comments
The opinions of a total of ~35 expert groups and health authorities were published during the 2008-2014 and, the vast majority expressed the opinion that there was inadequate evidence for increased biological and health risks in humans exposed to RF fields emitted from wireless communication devices (and base stations in some reports). Because of the absence of sufficient long-term RF exposure studies and in view of the long latency period for certain parameters, such as development of cancers and neurological diseases, almost all of the recent reports recommended pre-cautionary measures to reduce exposure levels (decreasing the number of calls, call time and using hands-free-devices). Parents were particularly advised that their children should use mobile phone only when absolutely necessary. This precaution was introduced, especially, after IARC evaluation of RF as a possible carcinogen in class 2-B. Some reports have also mentioned that mobile phones play an important role in cases of accidents, malfunction of vehicles on the road, emergency, robbery, theft, etc.
Some "negative" comments. (i) The selection procedure used to select the members in expert groups (EGs) in various countries was neither clear nor transparent. (ii) It was difficult and almost impossible to verify "no conflict of interest" of the members in the EGs. (iii) The criteria used for evaluations were not sufficiently described in some reports. (iv) Some members participated in more than one expert group (for example, the experts in SSI report were also some members of ICNIRP). (v) Several EGs did not consider the health risks associated with mobile phone base stations. (vi) There was an apparent "bias" in selecting the papers for evaluation: the reports that support their analysis were reviewed and left out those that contradict their conclusions.
Some "positive" comments. (i) Members chosen in EGs had expertise in all aspects of RF research, such as dosimetry, biology, epidemiology, statistics, etc. (ii) All peer-reviewed scientific publications were considered in the evaluation process. (iii) Attention was been paid to the detailed description given in the publications, viz., dosimetry, exposure set-up/parameters, methods/protocols used in the study, sample size, confounding factors, etc. (iv) The evaluations were based on the same peer-reviewed scientific publications. Generally, the Belgian Superior Health Council was often criticized for emphasizing too much on the precautionary principle and providing information that was not scientifically sound while the ICNIRP and Health Council in Netherland were often accused of insufficiently applying the precautionary principle. Overall, IARC had paid special attention on "conflict of interests" of the members in the EGs and, the evaluations were based on extensive and exhausting review of scientific literature performed by a great number of experts according to a well described and rigid procedure as well as "face to face" personnel discussions and deliberations. Further, the conclusions were also voted on by members of all expert groups [29] . Nonetheless, Wiederman et al. [134] commented -There should be some concern that there are working group members who are the very researchers assessing the quality of their own studies‖ and suggested -select working group members who are not involved in the EMF field to conduct a truly independent review‖. The comment implied "conflict of interest" among IARC expert working group members and hence, compromised the credibility of IARC conclusion. However, the suggestion may lead to other credibility problems since the "experts" should have "expertise/peer-reviewed publications" in or closely related field that is evaluated.
Conclusions
During the last several decades, researchers have been evaluating the impact of in vitro and in vivo RF exposure in animal and human cells. The overall data used for scientific evaluation as well as the knowledge gained are more extensive now than ever before. Nonetheless, it is important to distinguish between an "adverse effect" and a "biological effect". The IEEE [13] It is significant that the guidelines recommended by the international organizations [12] [13] [14] included a large safety margin to limit exposures to electromagnetic fields and, these were based on the "established" "adverse" effects, viz., electro-stimulation in the case of low frequencies and, whole-body and tissue heating in the case of high frequency RF fields. Hence, it is important for the international and national expert groups to recognize the difference between "adverse" and "biological" effects of RF exposure while relaying the scientific evidence to the authorities in order to formulate the necessary exposure guidelines and to provide accurate information to the general public.
